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Abstract. Stimulated by recent indications that the binding energy of the hypertriton could be significantly
larger than so far assumed, requirements of a more strongly bound 3ΛH state for the hyperon-nucleon
interaction and consequences for the binding energies of A = 4, 5 and 7 hypernuclei are investigated.
As basis a Y N potential derived at next-to-leading order in chiral effective field theory is employed,
Faddeev and Yakubovsky equations are solved to obtain the corresponding 3- and 4-body binding energies,
respectively, and the Jacobi no-core shell model is used for 5ΛHe and
7
ΛLi. It is found that the spin-singlet
Λp interaction would have to be much more attractive which can be, however, accommodated within the
bounds set by the available Λp scattering data. The binding energies of the 4ΛHe hypernucleus are predicted
to be closer to the empirical values than for Y N interactions that produce a more weakly bound 3ΛH. The
quality of the description of the separation energy and excitation spectrum for 7ΛLi remains essentially
unchanged.
PACS. 13.75.Ev Hyperon-nucleon interactions – 21.80.+a Hypernuclei – 21.30.Fe Forces in hadronic
systems and effective interactions
1 Introduction
Light hypernuclei play an essential role for testing our
understanding of the hyperon-nucleon (Y N) interaction.
Over the last three decades or so techniques for treating
few-body systems have matured to a level that a rigorous
assessment of sophisticated two-body potentials, includ-
ing the full complexity of Y N dynamics like tensor forces
or the important coupling between the ΛN and ΣN chan-
nels, has become feasible. For example, binding energies
of A = 3 and 4 hypernuclei can be obtained by solving
“exact” Faddeev or Yakubovsky equations [1–3] based on
such Y N interactions. So-called ab initio methods like the
no-core shell model allow one to perform rigorous calcula-
tions even for hypernuclei beyond the s shell [4–10] and, so
far, studies for hypernuclei up to 13Λ C have been reported
[8].
Of course, for making solid conclusions, it is manda-
tory that there is likewise solid experimental information
on the binding energies of hypernuclei. Indeed, in recent
times, some of the past values have been called into ques-
tion and “critically revised” [11]. This concerns also the
binding energies of the A = 4 system where new measure-
ments have been performed in an attempt to settle the
long-standing issue of the large charge symmetry break-
ing (CSB) observed in the binding energies of the 4ΛHe and
4
ΛH hypernuclei [12]. The new measurements, performed
for the 4ΛH (0
+) state [13, 14] and the splitting between
the 4ΛHe 0
+ and 1+ levels [15] differ noticeably from the
earlier values in the literature [16]. Another binding en-
ergy that has been challenged lately is that of the hyper-
triton 3ΛH. Here the value for the separation energy, ac-
cepted as benchmark for decades, is EΛ = 0.13±0.05 MeV
[17], while a new measurement by the STAR collaboration
suggests a value of 0.41 ± 0.12 MeV [18]. This is a quite
dramatic increase. Actually, there is support for a more
tightly bound 3ΛH by recent measurements of the
3
ΛH life-
time as well. Some of the experiments yield values well
below that of a free Λ [19–22] which could be a signal for
a stronger binding of the hypertriton [23].
In the present work, we address the consequences of
a potentially more strongly bound hypertriton. The first
question that arises is, of course, which modifications of
the underlying Y N forces are needed in order to achieve
a larger binding energy. After all, a correspondingly mod-
ified Y N interaction should still be realistic, i.e. it should
be still in line with existing empirical information on ΛN
and ΣN scattering. As a matter of fact, past calculations
of the hypertriton within the Faddeev approach [2, 3, 24–
27] have revealed that only some of the Y N potentials in
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Fig. 1. Experimental hypertriton separation energies EΛ from
the literature [17, 18, 32–35]. Solid (opaque) circles indicate
measurements from the pi−+ 3He (pi−+ p+d) decay channels.
Squares indicate combined results. The shown separation of
the STAR value for 3ΛH into the two decay channels is based
on the preliminary results reported in Ref. [36]. Furthermore,
the asterisk indicates the STAR result for 3Λ¯H¯, while the opaque
square represents the combined (3ΛH,
3
Λ¯H¯) value [18]. The box
indicates the benchmark due to Juricˇ et al. [17], obtained by
combining their own result with the data from Bohm et al. [35].
the literature lead to a bound hypertriton. For many of
the interactions considered, it turned out that there was
not sufficient attraction to support a ΛNN bound state
[1, 3].
The second interesting question is, what will be the
implications for the A = 4 system and for heavier hy-
pernuclei. Will these be already overbound by a suitably
modified Y N interaction that supports a larger 3ΛH bind-
ing energy? Or does it actually bring the binding energy
for four-body systems closer to the empirical values? In-
deed, as reported in Refs. [3, 27], none of the Y N po-
tentials [27–31] examined so far in four-body calculations
yields 4ΛH (
4
ΛHe) binding energies close to the experiment.
Before proceeding to the actual calculations, we sum-
marize the situation concerning the separation energy of
the hypertriton. This is done in Fig. 1 where various val-
ues from the literature are included [17, 18, 32–36]. Simi-
lar graphical representations have been shown in Refs. [18,
37]. One can see that there is quite some variation between
the results from different groups but also between the
energies determined from the two decay channels 3ΛH →
pi−+3He and 3ΛH→ pi−+p+d. Obviously, the new STAR
measurement is well within the variations of former inves-
tigations, if one leaves the value for the anti-hypertriton
separation energy aside.
2 Calculation
Starting point of the present study is a modern Y N in-
teraction derived within SU(3) chiral effective field the-
ory (EFT) [27, 31], in close analogy to NN forces es-
tablished in the same framework [38–40]. In the consid-
ered chiral expansion up to next-to-leading order (NLO),
the Y N potential consists of contributions from one- and
two-pseudoscalar-meson exchange diagrams (involving the
Goldstone boson octet pi, η, K) and from four-baryon con-
tact terms without and with two derivatives. In the actual
calculation, we utilize the recent Y N potential NLO19 es-
tablished in Ref. [27] and the original NLO interaction, de-
noted by NLO13, introduced in Ref. [31]. The properties of
these interactions are summarized selectively in the second
and sixth column of Table 1. The Λp scattering lengths as
and at in the
1S0 (singlet) and
3S1 (triplet) partial waves
are given together with the χ2. The results in Table 1
correspond to a regulator with cutoff Λ = 600 MeV, cf.
Ref. [31] for details. A thorough comparison of the two
versions NLO13 and NLO19 for a range of cutoffs can be
found in Ref. [27], where one can see that the two Y N
interactions yield essentially equivalent results in the two-
body sector. Note that the total χ2 is from a global fit
to 36 ΛN and ΣN data points [27] while the χ2 for Λp
includes 12 data points [41, 42]. In case of the data from
Alexander et al. [42], set 2 from Table II of this paper is
used where the momentum bins have been chosen so that
there are roughly the same number of events per bin. The
χ2 is calculated from the central momentum. No averaging
over the bin width is done in our calculations. Both sets
are shown in Fig. 2 together with the data by Sechi-Zorn
et al. [41].
The binding energy of the hypertriton is much more
sensitive to the strength of the ΛN interaction in the 1S0
partial wave than to the one in the 3S1 channel [1, 46].
This has been known for a long time and, e.g., has been
implemented in form of the constraint |as| ≥ |at| in an at-
tempt to determine the Λp S-wave scattering length from
their data by Alexander et al. [42]. Faddeev calculations,
say for the family of NSC97 potentials [28], confirm that
only Y N interactions where |as| is significantly larger than
|at| lead to a bound hypertriton [3]. Indeed, in the recent
works by the Ju¨lich-Bonn Group [27, 29–31], the empirical
binding energy of the 3ΛH was always considered as addi-
tional constraint when fixing the Y N interaction. Other-
wise, it would have been impossible to pin down the rel-
ative strength of the spin-singlet and spin-triplet S-wave
contributions to the Λp interaction, given the complete
absence of direct experimental information on the spin
dependence.
It should be clear from the above discussion that we
need to increase |as| if we want to make the hypertriton
more bound. And we have to reduce |at| at the same time
since we want to maintain the excellent overall descrip-
tion of Λp and ΣN scattering data. This can be indeed
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Table 1. Properties of the considered Y N interactions. Λp singlet (as) and triplet (at) scattering lengths (in fm) and the χ
2
calculated based on different sets of data. The Λ single particle potential UΛ at pΛ = 0 is given in MeV.
Y N interaction NLO19 Fit A Fit B Fit C NLO13 experiment
as -2.91 -4.00 -4.50 -5.00 -2.91 −1.8+2.3−4.2 [42]
at -1.41 -1.22 -1.15 -1.09 -1.54 −1.6+1.1−0.8 [42]
χ2 (total) 16.01 16.45 16.97 17.68 16.2
χ2 (Λp only) 3.31 3.95 4.49 5.16 3.81
χ2 (Σ−p→ Λn) 3.98 3.76 3.74 3.93 4.14
UΛ(0) -32.6 -31.7 -31.3 -30.8 -21.6 -27 · · · -30 [12]
100 150 200 250 300 350
plab (MeV/c)
0
100
200
300
σ
 (m
b) 
Sechi-Zorn et al.
Alexander set 2
Alexander set 1 
Piekenbrock
A
B
C
Fig. 2. Near-threshold cross section for Λp scattering. The
band represents the result for the Y N potential NLO19 [27]
derived within chiral EFT, including cutoff variations of Λ =
500 − 650 MeV. The solid, dashed and dash-dotted lines cor-
responding to the fits A, B, and C, see text and Table 1. The
experimental cross sections are taken from Refs. [41] (filled cir-
cles), [42] (Set 2: filled squares, Set 1: open squares), [43, 44]
(open triangles).
achieved as documented in Table 1 where three exemplary
fits based on NLO19 are presented that produce the values
as = −4.0 fm (A), −4.5 fm (B), and −5.0 fm (C), respec-
tively. As can be seen, the χ2 slowly deteriorates with in-
creasing |as|. However, overall, the variation is small and
stays well within the one due to the inherent regulator de-
pendence of the employed EFT approach [27, 31]. There
is also practically no change in the in-medium properties
as exemplified by the value for the Λ single-particle po-
tential UΛ(pΛ = 0), see Ref. [47] for more information on
the calculation. A comparison with the NLO13 interac-
tion shows that off-shell properties of the interaction have
a much larger impact on these in-medium properties [27]
than changes of the relative strength of the singlet and
triplet interaction.
The corresponding Λp cross sections are shown in Fig. 2
by solid, dashed, and dash-dotted lines and one can see
that the results are also visually well in line with the data.
In the figure, we compare to the NLO19 interaction but
the NLO13 results are almost indistinguishable [27].
When using the hypertriton to constrain the relative
strength of singlet and triplet interaction, we implicitly as-
sume that ΛNN three-body forces (3BFs) only give a neg-
ligible contribution to the hypertriton binding energy. To
support this assumption, we estimated effects from 3BFs
in Ref. [27] based on the underlying power counting, the
observed regulator dependence of the 3ΛH binding energy,
and the actual magnitude of the effective 3BF mediated
by an intermediate Σ. For the hypertriton, the estimate
suggests that one should not expect more than 50 keV
from such forces in our framework where Σs are explicitly
taken into account.
In order to achieve a larger |as| while preserving the
good description of Y N data, we had to loosen the strict,
self-imposed SU(3) symmetry for the contact interactions
in the ΛN and ΣN forces [27, 31]. According to the SU(3)
relations relevant for the scattering of two octet baryons
[31, 48, 49], the potentials in the 1S0 partial wave for
Λp → Λp and Σ+p → Σ+p are both dominated by the
strength of the contact terms corresponding to the {27}
irreducible representation of SU(3). Since in the EFT in-
teractions, but also in phenomenological Y N potentials
[28, 29], the 1S0 partial wave alone saturates basically the
entire experimental Σ+p→ Σ+p cross section, cf. the dis-
cussion in [31], there is no room for increasing the strength
of the contact term in question in order to increase the Λp
scattering length. It would immediately result in a drastic
deterioration of the χ2. Therefore, in the present work, we
kept the {27} strength (i.e. the low-energy constant C˜27
[27]) for Σ+p→ Σ+p as determined in Ref. [27] and var-
ied only the corresponding contribution to the Λp → Λp
channel. This introduces an SU(3) symmetry breaking in
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Table 2. 3ΛH and
4
ΛHe separation energies EΛ (in MeV). The splitting ∆EΛ of the spin states of
4
ΛHe is also given. Cutoff values
Λ in the brackets are given in MeV.
Y N interaction (Λ) EΛ (
3
ΛH) EΛ (
4
ΛHe(0
+)) EΛ (
4
ΛHe(1
+)) ∆EΛ (
4
ΛHe)
NLO19(500) 0.10 1.64 1.23 0.42
NLO19(550) 0.09 1.54 1.24 0.30
NLO19(600) 0.09 1.46 1.06 0.41
NLO19(650) 0.10 1.53 0.92 0.61
Fit A (500) 0.32 2.11 1.14 0.97
Fit A (550) 0.29 1.87 1.00 0.87
Fit A (600) 0.28 1.77 0.84 0.93
Fit A (650) 0.29 1.83 0.67 1.16
Fit B (500) 0.39 2.14 0.95 1.18
Fit B (550) 0.38 2.00 0.93 1.06
Fit B (600) 0.37 1.86 0.75 1.11
Fit B (650) 0.36 1.89 0.57 1.32
Fit C (500) 0.47 2.24 0.89 1.36
Fit C (550) 0.46 2.10 0.88 1.23
Fit C (600) 0.44 1.92 0.68 1.24
Fit C (650) 0.44 1.96 0.49 1.47
NLO13(500) 0.14 1.71 0.79 0.92
NLO13(550) 0.10 1.50 0.59 0.92
NLO13(600) 0.09 1.48 0.58 0.90
NLO13(650) 0.09 1.49 0.62 0.88
experiment 0.13± 0.05 [16] 2.39± 0.03 [17] 0.98± 0.03 [15] 1.406± 0.002± 0.002 [15]
0.41± 0.12 [18]
the leading-order contact terms, however, an SU(3) break-
ing that is well in line with chiral EFT and the associated
power counting [31, 50].
Let us now come to the separation energies of light
hypernuclei. As shown in previous calculations, the Λ sep-
aration energies are only mildly dependent on the un-
derlying nucleon-nucleon (NN) interaction [3, 27]. There-
fore, we employ in all of the calculations shown here the
same chiral semi-local momentum-space-regularized NN
interaction of Ref. [51] at order N4LO+ for a cutoff of
Λ = 450 MeV. We can expect that other NN interactions
will only lead to insignificant changes of the separation
energies. The numerical accuracy of the A = 3 and A = 4
separation energies is better than 2 and 20 keV, respec-
tively. For A = 5 and A = 7, the corresponding numerical
accuracy is better than 40 and 70 keV.
Whereas the contribution of 3BFs is probably negli-
gible for A = 3, it might become relevant for the more
strongly bound A = 4–7 systems. This is supported by
the results shown in Table 2. The dependence of the sep-
aration energies on the regulator (cutoff) is an effect of
next-to-next-to-leading order (N2LO) which includes also
3BFs [52]. As expected, the variation is negligible for the
hypertriton but can be as large as 200–300 keV for A = 4.
For the discussion of A = 4 separation energies, we have
to take into account that this variation is a lower limit
of our theoretical uncertainty. Even larger is the differ-
ence between the two different realizations of Y N inter-
actions: NLO19 and NLO13. For the 1+ state, the predic-
tions can differ as much as 500 keV. Since both interac-
tions predict very similar Y N phase shifts, this difference
should be ultimately absorbed into similarly large 3BF
contributions. Since the exemplary fits are based on the
NLO19 parametrization, in the following, we will mostly
compare with the NLO19 results [27]. This should show
more clearly how a more attractive ΛN singlet interaction
impacts binding energies of hypernuclei.
Comparing the energies for 3ΛH for the different ver-
sions of the Y N interaction NLO19, A, B, and C, one
observes a dramatic increase of the Λ separation energy.
The prediction for fit B is already close to the STAR result
based on their 3ΛH events (0.35±0.13 MeV) and fit C even
exceeds their combined 3ΛH +
3
Λ¯
H¯ value of 0.41±0.12 MeV
[18].
There is also a noticeable change in the separation en-
ergies for the 0+ and 1+ states of 4ΛHe. The value for
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Table 3. Separation energies of 3ΛH,
4
ΛHe,
5
ΛHe and
7
ΛLi calculated with different Y N interactions that have been SRG evolved
such that the 5ΛHe separation energy is well reproduced. The corresponding SRG parameter ΛSRG is given in fm
−1.
Y N interaction (Λ) ΛSRG EΛ (
3
ΛH) EΛ (
4
ΛHe(0
+)) EΛ (
4
ΛHe(1
+)) EΛ (
5
ΛHe) EΛ (
7
ΛLi)
NLO19(500) 0.836 0.07 1.44 1.01 3.13± 0.02 5.64± 0.07
NLO19(550) 0.806 0.07 1.33 0.94 3.12± 0.02 5.61± 0.06
NLO19(600) 0.820 0.08 1.44 0.92 3.10± 0.04 5.67± 0.06
NLO19(650) 0.868 0.11 1.71 0.91 3.14± 0.02 5.96± 0.05
Fit A (500) 0.849 0.23 1.75 0.95 3.11± 0.02
Fit A (550) 0.832 0.24 1.70 0.83 3.12± 0.02
Fit A (600) 0.836 0.27 1.84 0.80 3.14± 0.02 6.09± 0.04
Fit A (650) 0.890 0.33 2.17 0.75 3.10± 0.02
Fit B (500) 0.872 0.31 1.84 0.87 3.11± 0.02
Fit B (550) 0.836 0.32 1.82 0.78 3.12± 0.02
Fit B (600) 0.843 0.36 1.97 0.75 3.13± 0.02 6.20± 0.03
Fit B (650) 0.910 0.42 2.31 0.70 3.14± 0.02
Fit C (500) 0.880 0.39 1.97 0.83 3.14± 0.02
Fit C (550) 0.843 0.40 1.94 0.75 3.14± 0.02
Fit C (600) 0.843 0.46 2.12 0.69 3.11± 0.02 6.31± 0.03
Fit C (650) 0.913 0.51 2.41 0.65 3.11± 0.02
NLO13(500) 0.868 0.11 1.69 0.98 3.16± 0.02 5.86± 0.05
NLO13(550) 0.910 0.12 1.83 0.93 3.12± 0.02 5.87± 0.05
NLO13(600) 0.910 0.13 1.94 0.94 3.11± 0.02 5.89± 0.05
NLO13(650) 0.912 0.13 1.98 0.93 3.14± 0.02 5.96± 0.05
experiment – 0.13± 0.05 [16] 2.39± 0.03 [17] 0.98± 0.03 [15] 3.12± 0.02 [17] 5.58± 0.03 [16]
0.41± 0.12 [18] 5.85± 0.13± 0.10 [45]
the 0+ state becomes larger and is coming much closer to
the empirical information with increasing singlet scatter-
ing length. Indeed, if one takes the latest result for the cor-
responding 4ΛH binding energy as measure, 2.157±0.005±
0.077 MeV [14], the results for Fit C already cover the ex-
perimental value.
The binding energy for the 1+ state decreases with in-
creasing |as|. This is not too surprising because, as argued
in Refs. [27, 46], this state is predominantly determined by
the Λp 3S1 partial wave – and the corresponding |at| is re-
duced for Fit A to Fit C as compared to the reference Y N
potential NLO19 [27], see Table 1. A remarkable feature
of the results is that the splitting between the 0+ and 1+
states, ∆EΛ (
4
ΛHe), recently re-measured [15] with very
high accuracy, comes close to the empirical value. By con-
trast, the predictions of NLO19 fall short by more than
a factor two for this quantity. The original NLO13 pa-
rameterization of the NLO interaction leads to somewhat
larger splittings which amount to roughly 2/3 of the ex-
perimental value. These findings could indicate that 3BFs
possibly play a significant role for this quantity. In any
case, the large splitting measured in Ref. [15] certainly
favors a somewhat increased singlet scattering length.
Finally, we present in Table 3 and in Fig. 3 our re-
sults for 7ΛLi. These results have been obtained by using
similarity renormalization group (SRG) evolved NN and
Y N interactions and the Jacobi no-core shell model (J-
NCSM). For all of the calculations shown here, we again
employ the semi-local momentum-space-regularized NN
interaction of Ref. [51] at order N4LO+ for a cutoff of
Λ = 450 MeV. The NN interaction is evolved to a SRG
flow parameter of 1.6 fm−1. It is well known that the sep-
aration energies of hypernuclei strongly dependent on the
SRG flow parameter of the Y N interaction [8]. However,
we found recently that the results for different SRG flow
parameters are strongly correlated. In particular, it turned
out that results are in good agreement with the ones for
the original interactions once the flow parameter has been
chosen such that one of the energies agrees with experi-
ment [53]. We therefore choose the SRG parameter such
that for each individual Y N interaction, the 5ΛHe separa-
tion energy is reproduced. For this choice of SRG parame-
ter, we find the Λ separation energies given in Table 3. We
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Fig. 3. Energy spectrum in 7ΛLi calculated with different SRG evolved Y N interactions and compared to the spectrum of
6Li.
Interactions are defined in the text.
also give the values of the chosen SRG parameters and re-
sults for the lighter systems where we can compare to the
values obtained with bare interactions shown in Table 2.
For details of the calculations, we refer to Refs. [9, 10].
By construction, we reproduce the separation energies
for 5ΛHe. At the same time, we recover the predictions of
the non-evolved interactions for 3ΛH at least within the
theoretical uncertainty estimated by the cutoff variation.
Also the changes of the A = 4 separation energies due to
the SRG-evolved interaction are within the bounds given
by our 3BF estimates from above. Interestingly, the pre-
dictions of NLO13 and NLO19 are more similar to each
other after the forces have been SRG-evolved. Especially,
this holds for the predictions of the 1+ state.
For 7ΛLi, the separation energy predictions for NLO13
and NLO19 are in fair agreement with the experiments.
However, the values obtained with emulsion and counter
experiments are somewhat different and the cutoff de-
pendence indicates 3BF contributions of approximately
300 keV.
When employing the exemplary fits A, B and C, we
recover the increased binding of 3ΛH and the 0
+ state of
4
ΛHe and the decreased binding for the 1
+ state of 4ΛHe.
Since the cutoff dependence for these fits follows the trend
of the original NLO19 interaction for all light systems, we
only calculated the separation energy for 7ΛLi for one cut-
off for the modified interactions in order to save a sub-
stantial amount of computational resources. Although we
find a visible increase of the separation energy with an in-
creasing hypertriton energy, the overall changes are small
compared to the expected 3BF contribution of 300 keV.
The modified interactions tend to overbind 7ΛLi. Neverthe-
less, the deviation from experiment is still comparable to
possible 3BF contributions at least if one compares to the
value of Ref. [45].
In Fig. 3, we summarize our results for the spectrum
of 7ΛLi. Note that we do not reproduce the excitation spec-
trum of the 6Li core nucleus very well, because we neglect
three-nucleon interactions in these calculations. Therefore,
we focus our discussion on the relative positions of the
levels of 7ΛLi and the corresponding
6Li core state for ex-
periment and our predictions.
The grey bands indicate the dependence of the results
on the cutoff in the Y N interaction. One finds that there is
a sizable cutoff dependence for most of the levels shown in-
dicating 3BFs possibly affect the levels significantly. Also,
NLO13 and NLO19 lead to slightly different predictions,
further reinforcing that 3BFs are non-negligible for the
excitation energies.
All of the considered interactions qualitatively repro-
duce the experimental spectrum. Quantitatively, however,
none of the interactions is able to describe the experiment.
For example, we find that the predicted 5/2+ state of 7ΛLi
is located above the 3+ state of 6Li whereas the ordering
is opposite for the experimental values. The splitting of
the two lowest 7ΛLi states is correctly described by NLO13
and NLO19. The exemplary fits A to C further increase
the splitting bringing it away from the experimental value.
But the deviations are mild if one considers possible 3BF
contributions. In any case the result show that changes
of the singlet scattering length also affect the spectra of
p-shell hypernuclei. However, the changes are moderate
and, therefore, the separation energy and spectrum re-
mains qualitatively consistent with experiment for the ex-
emplary fits.
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3 Conclusions
Stimulated by the recent finding of the STAR Collabora-
tion that the binding energy of the hypertriton could be
significantly larger than so far assumed, we have investi-
gated the consequences of a more strongly bound hyper-
triton for the Λp interaction and for the binding energies
of the two 4ΛHe states. We have not found any principle
reason that would speak against a larger 3ΛH binding en-
ergy. The necessary increase of the attraction in the Λp
1S0 partial wave is large but can be compensated by a
correspondingly reduced attraction in the 3S1 channel so
that the overall description of the Λp and ΣN data does
not suffer. The only caveat is that one has to give up
strict SU(3) symmetry for the contact interactions in the
ΛN and ΣN channels. However, such a symmetry break-
ing at the NLO level is anyway suggested by the counting
scheme of SU(3) chiral EFT that we follow [50]. The im-
provements that we see in the predictions for the 4ΛHe
binding energies certainly speak in favor of the scenario
explored in this work.
Using the Jacobi NCSM and SRG-evolved interactions,
we extended the exploration to 7ΛLi. Increasing the hyper-
triton energy leads to an increased 7ΛLi separation energy.
The changes are however small compared to possible ef-
fects from three-body forces.
We also showed that the spectrum of 7ΛLi is affected
by a change of the hypertriton binding energy or, respec-
tively, the strength of the Λp singlet interaction. In this
case, the variations considered in the present study led
to a slight deterioration in the description of the experi-
mental spectrum. But given the significant uncertainties
in the present predictions, these results do not really rule
out a possibly more strongly bound hypertriton and/or
a larger singlet scattering length. In the future, a more
detailed study including variations of the Λp interaction
in the P -waves, and chiral [54] as well as SRG [8] 3BFs
should be undertaken in order to reduce the theoretical
uncertainties.
Ultimately, there are two key quantities that can dis-
criminate between the scenarios considered in the present
study. One is the hypertriton binding energy itself. Here
improved measurements with noticeably reduced uncer-
tainty [37] would be extremely helpful. The other key
quantity is the Λp 1S0 scattering length. In principle, the
latter could be extracted from studying the final-state
interaction in reactions like pp → K+Λp [55–58]. How-
ever, the isolation of the spin-singlet amplitude requires a
double-polarization experiment [59]. Efforts at the COSY
accelerator in Ju¨lich to determine the strength of the spin-
triplet Λp interaction [60], where only single polarization
is required, already suffered from low statistics and, un-
fortunately, did not provide robust results.
Information on the Λp scattering length can be also
obtained from studying the Λp correlation function mea-
sured in heavy-ion collisions or high-energetic pp collisions
[61, 62]. There are already data from the STAR Collab-
oration [63] from a measurement in Au+Au collisions at√
s = 200 GeV and by the ALICE collaboration [64] in
pp collisions at
√
s = 7 TeV. However, also here there is
so far no detailed information on the spin dependence and
usually a purely statistical weight of the singlet and triplet
states is assumed [61, 64] . It would be rather important
to find ways how to disentangle the spin states in those
kind of experiments.
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by The Chinese Academy of Sciences (CAS) President’s Inter-
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